A. BASTEN, J . F. A . P. MILLER, AND R. ABRAHAM 549 method of Porter (16) . Samples of these were extensively absorbed (four to five times) with either CBA thymus cells or spleen cells from TxBM CBA mice until no residual cytotoxic anti-H-2k activity was demonstrable .
Detection ofFc Receptors on B Cells by '"7-Labeled Immune Complexes. Fc receptors on B cells were detected with anti-FyG-" 6I-labeled FyG as previously described (3) . For inhibition studies 2 x 10 8 lymphoid cells were incubated with 50,u1 antisera or anti-H-2k Fab (1 mg/ml) in 0.2 ml Eisen's solution for 60 min at 4°C. After washing twice, the cells were exposed to labeled immune complexes under standard conditions and smears prepared for autoradiography.
Separation of T cells. Lymphoid cell suspensions enriched for T cells were obtained by passing normal CBA spleen cells through anti-Ig-coated columns according to the method of Campbell and Grey (17) . The efficiency of separation was tested by treating the final cell suspensions with Fl-rabbit IgG antimouse Ig to estimate the number of residual B cells. Usually less than 3% of cells in the column effluent stained with the fluorescent reagent.
Incubation of Cells with Fl-Labeled Reagents . Ig-bearing lymphocytes were detected by a sandwich technique using rabbit IgG antimouse Ig followed by Fl-sheep antirabbit Ig essentially as previously described (14) . Labeled cells were counted using a Leitz orthoplan microscope (E . Leitz, Inc ., Rockleigh, N. J .) . For the detection of Agg-binding lymphocytes, 2 x 10 8 lymphoid cells were incubated with 40,u1 Agg (5 mg/ml) in 0.2 ml phosphate-buffered saline (PBS) containing 2% bovine serum albumin (BSA) and 1.5 mM sodium azide for 30 min at 4°C. The cells were washed twice and then exposed to 25,u1 Fl-rabbit IgG antihuman Ig in 0.2 ml PBS-BSA for a further period of 30 min at 4°C. Labeled cells were counted as described above.
Suicide Techniques . Antigen-induced suicide of T and B cells was carried out by a modification of the method of Basten et al . (18) . For T cells, 10 jig " 6 I-labeled F'YG (sp act 150 pCi/,Ug) was added to 5 x 10 8 anti-B serum-treated spleen cells from mice primed to FyG and HRBC for 30 min at 4°C . The supernate was removed and 10 8 purified T cells from the same source added. The resultant mixture was incubated for 1 h at 37°C in Hepes-buffered RPMI 1640 and then overnight in the cold in the same medium containing 10% fetal calf serum (FCS, Commonwealth Serum Laboratories) . Excess radioactivity was removed by centrifugation through two discontinuous FCS gradients. B-cell suicide was carried out by incubating anti-B serum-treated spleen cells primed to FyG and HRBC with 'a 'Llabeled F-yG entirely in the cold as previously described (18) . For inhibition studies, purified T cells or anti-B serum-treated spleen (B) cells were incubated with anti-H-2k Fab (1 mg/108 cells) for 3 h at 4°C. After washing they were exposed to " 6 I-labeled FyG as described above. Control cells were treated in the same way except that 's°I-labeled F-yG was used instead. The suicide effect was assayed by injecting combinations of T cells and B cells i.v. into heavily irradiated mice together with 5 x 10 8 HRBC and 100 mg fluid F-yG per mouse.
Agg-induced suicide was carried out as follows: spleen cells from mice primed to F'YG and HRBC were exposed to '"Laabeled Agg at a concentration of 10 ug/108 cells/ml for 1 h at 4°C. Excess aggregates were removed by centrifugation through discontinuous FCS gradients and the cell pellet resuspended in rabbit antihuman Ig serum at a concentration of 0.2 ml/108 cells in 2 ml of Hepes-buffered RPMI 1640 . The mixture was then incubated for a further 30 min in the cold, washed, and placed at 4°C for 18 h in the same medium containing 10% FCS. Control cells were treated with 's°I-labeled Agg under identical conditions .
For inhibition studies spleen cells were preincubated with anti-H-2k Fab (3 mg/108 cells) for 3 h at 4°C. After washing they were then incubated with '"Llabeled Agg as described above. The suicide effect was assayed in the same way as for antigen-induced suicide except that 5 x 10 8 SRBC were injected as well as HRBC and FyG.
Detection of Antibody-Forming Cells . Antibody-forming cells were detected as described before (8, 11) .
Statistical Analyses . These were performed as described in a previous paper (9) . when the procedure was carried out at 37°C . contrast, no such effect was observed when B cells were pretreated with anti-H-2k Fab (group 7) . Taken together these findings indicate that. H-2 (?Ir)-associated determinants are in close proximity to the specific antigen-binding sites on T cells but not on B cells.
Results

Effect of Pretreatment with
Effect of Pretreatment with anti-H-2 Serum on the Binding of Immune Complexes to the Fe Receptor on B cells. The previous experiment indicated that H-2-associated antigens were not in close proximity to the region of the antigen-binding (Ig) determinants on B cells . The question therefore arose whether other sites, such as the Fc receptors, were more closely linked to H-2 determinants since a role for the Fc receptor had been postulated in the regulation of B-cell activity (3, 7) . Spleen cells from CBA/H/WEHI (H-2k) mice were incubated with anti-H-2 serum directed against H-2k or H-2b determinants, washed, and then labeled with anti-FyG "5I-labeled FyG in the standard manner. As shown in Table II , pretreatment with anti-H-2k serum reduced the binding of immune complexes from 37% to less than 1%. The specificity of inhibition was examined in two ways. First, H-2k spleen cells were incubated with anti-H-2b serum; no reduction in labeled cells was observed . Second, a mixture of equal numbers of H-2k and H-2b spleen cells were exposed to anti-H-2k or anti-H-2b serum ; under these conditions the great majority of available Fc receptors were blocked by either antiserum. In other words inhibition of binding was nonspecific.
The blocking capacity of the anti-H-2 sera was completely abrogated by absorption with spleen cells from TxBM mice of appropriate H-2 specificities. In Anti-H-2k
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Anti-H-2b (TxBM spleen absorbed) 1 1 34 (30-37) contrast, repeated absorptions with thymus cells had much less effect . For example, thymus-absorbed anti-H-2k serum retained the ability to inhibit the binding of immune complexes to H-2k B cells suggesting that it contained antibody activity against some determinants on the B cell other than those coded by the K or D end of the H-2 complex (Table II) .
Effect of Pretreatment with Anti-H-2 Fab Fragments on the Binding of Immune Complexes to the Fc Receptor on B Cells. The nonspecificity of blockade by anti-H-2 serum did not exclude the possibility of specific binding to some determinants in the region of the Fe receptor sites . To examine this more critically the Fab fragment of anti-H-2k serum was used . It can be seen from Table III treatment with reagents known to react with other determinants (i.e., H-2) on the B cell raised the question whether an antiserum directed against different cells (e.g., T cells) could have the same effect . Spleen and thymus cells from CBA/H/WEHI mice were incubated separately or in combination with anti-B C3H serum or anti-B AKR serum under varying conditions . As shown in Table IV , prior exposure of a mixture of spleen and thymus cells to anti-B C3H serum for 30 min at 37'C resulted in a marked reduction in the number of Fc-positive cells compared with the control population treated with anti-B AKR serum (21-1% resulted in partial restoration of antibody production (groups 3 and 4) . This technique therefore appeared to provide a functional assay for examining the relationship of H-2-linked antigens and Fc receptors on B cells . For this purpose the same CBA spleen cell suspension was preincubated with anti-H-2k Fab before exposure to ... I-labeled Agg. It is apparent from Table VI (group 5) that almost complete abrogation of the suicide effect was achieved thus confirming the notion of a close association between the Fe receptor and some antigens, on the B-cell membrane, coded by the H-2 complex. Discussion In the present study an investigation was made of the relationship between H-2-determined alloantigens, specific antigen-binding receptors on B and T lymphocytes, and Fc receptors on B lymphocytes. Ig complex binding to Fe receptors was inhibited by various antisera, including anti-H-2 sera . When a mixed population of H-2k and H-2b cells were exposed to either anti-H-2k or anti-H-2b sera, most of the available Fe receptors were blocked by either antiserum (Table II) . This lack of specificity of inhibition implied that H-2 anti-H-2 complexes formed at the cell surface during the incubation procedure and attached to the Fe receptor . The question therefore arose whether B cells might bind immune complexes formed by interaction of antibodies directed against other surface components or against components present on other cell types in the same population, e.g., T cells. This indeed proved to be the case since anti-B C3H serum produced similar inhibitory effects (Table IV) . These findings have important practical implications . First, abrogation of a response by pretreatment of cells with anti-B serum does not necessarily imply that the response is T-cell dependent, unless restoration is achieved by addition of purified T cells. Thus, antibody-dependent cytotoxicity, which is known to be inhibitable by immune complexes (19) , could under certain circumstances be anti-B serum sensitive. Second, the use of IgG rather than Fab fragments in studies of cell membranes may lead to artifactual labeling of B cells via the Fc receptors . Thus, the assumption that a B-positive cell is a T cell may not be correct unless the same cell is also shown to be Ig negative and C3 negative . Furthermore, other cells with Fc receptors such as macrophages might be labeled with anti-B antibody due to shedding of B-antigen containing complexes from T lymphocytes in the same cell suspension . Indeed we have found that, in preparations of activated thymus cells from spleens of irradiated mice, some small mononuclear cells which had ingested latex particles were B-positive (J . F. A. P. Miller and A. Basten, unpublished data) .
The nonspecificity of blockade of Fc receptor by anti-H-2 antibody does not necessarily exclude the possibility that specific binding to some component of the Fc receptor or adjacent membrane might have occurred . To determine this, the Fab fragment of an anti-H-2k antibody was used . It inhibited Ig complex binding to B cells from CBA (H-2k) mice (Table III) . Blocking of the Fc receptor was demonstrated not only in binding assays (with radioiodinated immune complexes) but also in functional assays using an adoptive transfer system . Selective suicide of B cells was evident after pretreatment with ... I-labeled Agg and protection from this effect was readily achieved by exposure to an anti-H-2 Fab reagent of appropriate specificity (Table VI) . Interestingly, the blocking activity of the anti-H-2k Fab reagent could be removed by absorption with H-2k spleen cells from TxBM mice but not with H-2k thymus cells (Table II) . The implications are that antibodies responsible for blocking the Fc receptor had specificities for determinants on the B-cell membrane distinct from those coded by the K or D ends of the H-2 complex, and either absent from, or poorly represented on, thymus cells. These results are in general agreement with those of Dickler and Sachs (7) who showed that antisera specific for la antigens inhibited the binding of Ig complexes to mouse B lymphocytes . It is not clear whether the la antigens and Fc receptors are identical structures . It appears, however, that some la antigens must be distinct from Fc receptors since capping the Fc receptor directly with immune complexes did not result in capping of the la antigens as detected by a radio-iodinated anti-la reagent and autoradiography (J . F. A. P. Miller and A. Basten, unpublished data) .
Exposure of lymphoid cells to "5 I-labeled Agg was successful in achieving B-cell but not T-cell suicide (Table VI ) . It appears that the type of Agg which were used in these experiments bind to B cells, not to T cells. This supports our previous demonstration that B cells, not T cells, could bind immune complexes (3) and be selectively removed, after incubation with antibody, by a column of beads coated with the appropriate antigen (20) . Although in accordance with the results obtained by Dickler and Sachs (7) who used a similar method of Agg preparation, it is not in agreement with the findings of other investigators (e .g ., 21) demonstrating Fc receptors on T cells. These discrepancies may be accounted for by variations in the sensitivities of the assays, different types of Ig reagents used, or differential expression of Fc receptors during certain stages of lymphocyte differentiation . Alternatively there may exist more than one type of Fc receptor on one class of lymphocytes (22) .
Pretreatment of T and B cells with highly substituted 'ZSMabeled F-yG abrogated the adoptive FyG PFC response (specific antigen "suicide") ( Table I) . B-cell suicide was achieved by incubating the cells with "SMabeled F-yG entirely in the cold . T-cell suicide, however, required additional measures . First, the cells had to be incubated at 37C suggesting that a metabolic process was necessary. The observation that antigen interaction with T, but not B lymphocytes, is inhibited by azide or dinitrophenol (23) is consistent with this . Second, the radioactive antigen had to be presented to the T cells on another cell surface. The different conditions required to achieve effective T-and B-cell suicide must reflect differences in the nature of the antigen-binding receptors on the two cell types . Thus, the T-cell receptor may not be sufficiently exposed on the resting cell . In order for this to take place and for antigen to be securely bound, some degree of membrane modulation may be necessary. This may best be achieved by close contact between T cell and the cell presenting antigen. There are several ways in which such an interaction could optimally occur. (a) High-affinity memory B cells might be involved . Evidence favoring this comes from our finding that antigen bound to Ig determinants on carrier-primed B cells was highly effective in activating T cells to that carrier (24) . (b) An Fc receptor-bearing cell would achieve the same effect by binding antigen complexed with antibody . Indeed there is evidence for a role of B cells (25) and macrophages (26) in enhancing T-cell activation in the presence of antibody . (c) The existence on the macrophage of a receptor for T cells (27) provides an alternative method by which macrophages, in the absence of antibody, could effectively present antigen to T cells. Since, in our experiments, the radioactive antigen was presented on anti-6 serum-treated spleen cells we cannot specify which mechanism is involved .
Further differences in the specific antigen-binding sites on T and B cells were revealed when anti-H-2 sera were used in an attempt to block specific antigen suicide . Only T cells were protected from the suicide effect by pretreatment with an anti-H-2 Fab reagent of appropriate specificity . This strongly suggests that H-2-associated determinants are in close proximity to the specific antigen-binding sites on T cells, not on B cells . These results add weight to the evidence already available from work in several species suggesting a relationship of major histocompatibility gene products to specific antigen-binding receptors on T cells. In the chicken, anti-B locus serum inhibited the graft-vs .-host response (28) . In guinea pigs, stimulation of DNA synthesis by sensitized lymphoid cells occurred optimally when the lymphocytes and macrophages were histocompatible for at least one haplotype and was blocked by antihistocompatibility serum of appropriate specificity (29) . In the mouse, anti-H-2 sera effectively blocked the binding of 125 I-labeled poly-L(Tyr, Glu)-poly-D, L-Ala--poly-L-Lys to T but not to B cells (30) . Furthermore, cooperation between T and B cells was generally effective only between syngeneic or semiallogeneic cells (31) . In similar interactions, a nonimmunoglobulin, antigen-specific T-cell product capable of replacing T cells was inhibited by an anti-H-2 serum directed against components of the K end of the H-2 complex (K-and/or I-gene products) (32) . Finally, results from a variety of experimental systems indicate that interaction between sensitized T cells and antigens presented on the surface of other somatic cells (such as virus-specified antigens) occurred only when at least one set of H-2 antigen specificities was shared (33, 34) . H-2-gene complex-associated antigens must thus be involved in the effective operation of the T-cell receptor for antigen and therefore in determining whether or not the cell will respond in a given situation .
Summary
The relationship between H=2 complex-associated determinants, Fc receptors, and specific antigen-recognition sites on T and B cells was examined by binding and functional assays . The Fc receptor was detected by radiolabeled immune complexes or aggregated human IgG . Both these reagents selectively bound to B cells, not to T cells . When spleen cells, from mice primed to several antigens, were exposed to highly substituted radioactive aggregates, their capacity to transfer both a direct and indirect plaque-forming cell response to these antigens was abrogated. Addition of B cells, but not of T cells, restored responsiveness . Complexed Ig binding to Fc receptors was prevented by pretreatment of mixed lymphoid cell populations with antisera directed against membrane components on the same cell (e .g ., H-2) and on other cells (e .g ., B) . The lack of specificity of inhibition was thought to be due to the formation on cell surfaces of antigen-antibody complexes which would then attach to the Fc receptor during the incubation procedure. Specific blockade of the Fe receptor however occurred when B cells were pretreated with the Fab fragments of anti-H-2 antibody. This was demonstrated autoradiographically and by inhibition of aggregate-induced suicide . The blocking activity of anti-H-2 Fab was removed by absorption with spleen cells from thymectomized irradiated mice but not with thymus cells of appropriate specificity . This suggested that the antibodies involved had specificity for determinants on the B-cell membrane distinct from those coded by the K or D end of the H-2 complex, and either absent from, or poorly represented on, thymus cells .
Specific antigen-induced suicide of B cells was achieved simply by incubating the cells with radioactive antigen in the cold. T-cell suicide on the other hand required that the ...I-labeled antigen be presented to the T cells at 37'C on the surface of spleen cells from antigen-primed mice . Pretreatment of T cells with the Fab fragment of anti-H-2 antibody protected them from the suicide effect. By contrast no such protection of B cells could be achieved by this procedure . In other words H-2 (? Ir)-associated determinants may not only be in close proximity to the antigen-binding site on T cells but, in addition, may be involved in the effective operation of the receptor.
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